To compensate for the lack of funds for investment in private sector and infrastructure projects, governments may propose public-private partnerships (PPPs) to be able to use share capital and establish the necessary infrastructure of the country. The current study was undertaken to identify and determine the risk factors in PPPs for water supply projects in Iran. After identifying the risk factors using failure mode and effect analysis (FMEA), the risk priority number of each was assessed.
INTRODUCTION
In recent years, rapid population growth and economic development in many countries have increased the need for new infrastructure (The World Bank ), although government funding for infrastructure development appears to be insufficient. Governments have tried to involve private institutions and parties in infrastructure projects as a solution to these shortages. One solution is to promote public-private partnership (PPP) contracts. Although a PPP contract is a good way to overcome the limitations of the government, because of the complexity of the procedure, in many cases it does not meet the objectives of the stakeholders. Long-term PPP contracts, the need for profitability of the projects for the private sector and continuous communication between government organizations and the private sector has sensitized the contract holders to the environmental conditions (political, macroeconomic, state laws, government policies, etc.), project finance and technological features of the project. The stage of preliminary studies and course assignment in these projects is critical, time-consuming and requires deep analysis and intensive study. success and expansion of infrastructure. Several PPPs can be mentioned by name. Heravi & Hajihosseini () and Ghorbani et al. () examined existing risks in PPP projects for Iranian highway construction. Shadpour et al. () studied the effect of PPPs in the health sector (Hasheminejad Kidney Center) and concluded that their implementation improves service quality and efficiency. Azar et al. () worked on discovery and analysis of the main risks involved in PPP projects for power stations. Yazdani-Chamzini () presented a new model of fuzzy risk assessment in tunnel construction projects. They found that the development of infrastructure projects, including those for water supply and distribution facilities as well as collection and treatment of wastewater, are necessary for the prosperity of a country.
Mirghafouri & Kousha () studied assessment of the risks in water transfer pipeline projects (as in Yazd) using the analytical hierarchy process (AHP) and fuzzy failure mode and effect analysis (FMEA). Noorzai et al. () described the implementation of the AHP to select the best financial model for PPP highway projects in Iran. Dadpour & Shakeri () reviewed strategies for improving the PPPs in water projects using the strengths, weaknesses, opportunities, threats (SWOT) method.
LITERATURE REVIEW Risk factors of PPPs for water supply projects
Bing et al. () studied risks related to PPP contracts in Britain and classified them as being large, medium and small. Kayaga () believed that in most studies and projects, environmental conditions have been neglected or poorly considered, which has caused lack of harmony with local limitations. As a result of these challenges and struggles, most PPPs for water projects in developing countries have not progressed appropriately. Xu et al. () identified 34 risk factors from previously published studies and a tworound questionnaire which contained three new risk factors for China water projects. Ultimately, 17 risk factors were proposed as being the most critical. Among these, government interference, government completion, economic consistency, market environment, construction and manufacturing, and macroeconomic risks were prioritized. Priya & Jesintha () • This is the first time that such a study on PPPs for Iranian water supply projects has been carried out.
• Unlike previous studies that did not incorporate the probability of detection of risk factors, the present study has taken this into account and evaluated it using FMEA.
• The FSE technique and FMEA have been blended for the first time to evaluate the overall risk level of PPPs for Iranian water supply projects.
RESEARCH METHODOLOGY

FMEA
The occurrence of risk can have different causes. As the probability of detection is immensely important to the estimation of risk, the FSE technique was used to evaluate and rank the risk factors. Lipol & Haq () found that risk evaluation can be done by applying a risk priority number (RPN) as measured in Equation (1):
where O is the probability of occurrence, S is the severity of the effect and D is the probability of detection.
Identification of risk factors
One important factor contributing to a successful project is to explore the relevant risk factors (Ameyaw & Chan ).
In the current study, works in different countries were (Table 1) . Three questionnaires were distributed, each focusing on one risk priority (possibility of occurrence, severity of effect, probability of detection). Participants were asked to rate the questions according to level of risk as: 2 (low), 4
(medium), 6 (high), 8 (very high) and 10 (dangerous, but not alarming).
Data analysis and results
The data from the surveys were analyzed in Excel 2016 and XFMEA 8.0 and the risk priority number (RPN) was assessed for each risk factor. The RPNs were then normalized using the formula recommended by Xu et al. () .
This type of normalization has been used by Xu et al.
() and Ameyaw & Chan () in which the normalization number of each risk factor that was equal to or greater than 0.5 was considered to be critical and was taken into consideration for the evaluation of overall risk level. The calculations are provided in Table 2 .
After measurement of the RPN and normalization for 22 factors, their normalization numbers were found to be greater than 0:5 and they were treated consequently as CRFs. These factors were classified under four critical risk subcategories (CRSs): experimental, legal/political, financial and technological (Table 3 ). The stages of this study are shown in Figure 1 .
The FSE technique
The FSE technique is a multi-dimensional method for decision-making about risk factors in water projects ( iii. For each subcategory, the evaluation matrix R ¼ r ij À Á m×n was employed in which r ij is the percentage of reaction to each rate (Figure 2 ).
Here, W includes input information such as the percentage of reaction to each rate and the weight of each risk factor, R is the converter of inputs to outputs and D is the intended output (the calculation of which is discussed below).
Calculation of membership function for CRF and CRS
Ameyaw & Chan () stated that fuzzy mathematics could be used to produce membership functions (MF). As discussed, a 3D comparative framework exists with five levels for the evaluation of the probability of occurrence, severity of effect and probability of detection. It is possible to calculate the MF as:
where n is the rank of the risk factor in each subcategory.
X j u in ∀j ∈ 2, 4, 6, 8, 10 ð Þdenotes the reaction to each dimension of risk factors. For each risk factor, the MF can be expressed as: The MF of each risk factor is shown in Table 4 .
Weight calculation for CRF and CRS
The weight of each of the 22 risk factors can be calculated (Xu et al. ; Ameyaw & Chan ) as:
where W i is the weight of CRS/CRF, M i is the mean CRS/CRF and P 5 i¼1 M i is the total mean of CRF/CRS. The calculated weights for all risk factors and subcategories are shown in Table 5 . 
)
.
After the evaluation of the D i fuzzy matrix, for the evaluation of the overall risk level in each dimension, the fuzzy matrix R i is defined as: 
This matrix should be calculated for the three dimensions of the possibility of occurrence, severity of effect and probability of detection. These should be multiplied by the linguistic variables in order to measure the overall risk level as:
where RL i is assessed for each dimension and L is the numerical value of the linguistic variables. Ameyaw & Chan () and Xu et al. () use the following to blend the levels and calculate the overall risk level as:
In the current study, this method has been modified by blending the FSE technique and FMEA as a new method of overall risk level calculation as:
where O, S, and D represent possibility of occurrence, severity of effect and probability of detection, respectively. Considering the blending of these methods and Table 6 , the overall risk level in each subcategory can be calculated as:
This method also is correct for the other subcategories. 336 (0.04,0.15,0.23,0.34,0.24) Legal subcategory 0.189 (0.06,0.13,0.24,0.22,0.35) Financial subcategory 0.191 (0.08,0.11,0.21,0.37,0.23) (0.06,0.14,0.23,0.32,0.25) Technological subcategory 0.282 (0.07,0.15,0.23,0.33,0 .21)
Probability of detection
Experimental subcategory 0.316 (0.22,0.28,0.20,0.18,0.12) Legal subcategory 0.22 (0.32,0.26,0.17,0.15,0.10) Financial subcategory 0.187 (0.21,0.26,0.24,0.18,0.10) (0.24,0.27,0.20,0.17,0.10) Technological subcategory 0.276 (0.23,0.27,0.23,0.18,0.09) Using the modified the FSE technique, the overall risk level can be calculated as:
RESULTS AND DISCUSSION In this subcategory, the overall risk level is 6.11, which is high. Because of the importance of financial issues in all projects, as the level of risk decreases in this subcategory, the rate of investment in projects and infrastructure development will increase remarkably. Non-payment of bills is the most CRF and this subcategory has been identified as the most critical subcategory of the four. The possibility of occurrence, severity of effect, and probability of detection are 5.96, 7.10, and 5.39, respectively. The first two dimensions are notably high in this subcategory, especially the severity of effect. 
Comparison analysis
The proposed model differs from Ameyaw & Chan () in that evaluation of the risk level has taken the probability of detection into account. As shown in Equation (11), the probability of occurrence and severity of effect dimensions were used in Ameyaw & Chan (). After calculation of the level of risk for each subcategory, the results are presented in 
where d i is the difference in ranks for x and y (Mukaka ).
Equation (13) shows that Spearman's rank correlation coefficient is 0.8 at the 95% confidence level, which confirms the high validity of the proposed model.
CONCLUSIONS
Governmental budget limitations mean that governmental organizations must cooperate with the private sector in infrastructure projects in the construction of airports, highways, hospitals, water supply projects, and others in order to compensate for financial difficulties. The current study was undertaken to investigate PPP in Iranian water supply projects. Experts and the annual reports of the World Bank warn that Iran is facing a water crisis; thus, risks in Iranian water supply projects were extracted from earlier studies and national conditions and were analyzed carefully.
A literature review helped to identify 32 factors related to risk in PPPs and conditions unique to Iran suggested a further seven factors. The opinions of 53 experts about these risks were evaluated in three dimensions for the possibility of occurrence, severity of effect and probability of detection. FMEA was then used to measure the RPN of each risk factor. After the normalization and assessment of expert findings, 22 of these risks were classified as CRFs.
These were categorized into experimental, legal, financial and technological subcategories. • Probability of occurrence: financial, technological, experimental, and legal subcategories were ranked first to fourth, respectively.
• Severity of effect: experimental, financial, legal, and technological subcategories were ranked first to fourth, respectively.
• Probability of detection: financial, experimental, technological, and legal subcategories were ranked first to fourth, respectively.
For the overall risk level of the three dimensions, the subcategories were ranked from first to fourth as: financial, experimental, technological, and legal. The linguistic variables indicated that the overall risk level was too high for PPPs for Iranian water supply projects; this must not be disregarded during the development of infrastructure projects.
Iran is a developing country. Identification of the risk factors and determination of their risk levels will speed up the performance of the projects and ameliorate national shortcomings.
Considering the limited amount of research on PPPs for
Iranian water supply projects and the significance of these types of studies, it is suggested that more research should be undertaken in this domain. This will help identify further risk factors and determine the level of risk for each and could improve project efficiency and prosperity. The tangible results of related research are the identification and determination of risk levels of PPPs for express railway projects, gas transfer projects, road construction projects and airport construction projects and to determine the technological and physical levels of hospitals. In addition, the subcategory and overall risk levels can be measured using the proposed methods.
